GERIATRIC anaesthesia presents problems that concern all anaesthetists. Not only is the average age of the population steadily rising but advances in surgical and anaesthetic techniques as well as in pre-and postoperative care mean better chances of survival for each individual who can, and often does, return at a later date for yet another operation.
Since 1955 at least forty articles on geriatric anaesthesia and associated problems have appeared in the literature. Fifteen of these have been written in English and the others in European languages, mostly German and Italian. Fourteen of the fifteen English articles have originated from North America. To the best of the writer's knowledge this leaves Bedford's (1955) contribution as one of the last important articles on this subject appearing in a British journal.
That alone would seem sufficient reason to present this series. The fact that the work is a combination of Continental surgery and British anaesthetic methods may add to its interest. Before describing the series in detail, a brief survey of the American contribution is given.
These articles generally give authors' opinions on geriatric anaesthesia but do not usually support them with the results of series. However, Corssen (1955) describes a large series of 5,450 patients aged 60 years or more who were operated on during a twelve-year period. Seventy per cent of the operations were in the fields of general and genito-urinary surgery. In certain respects there are considerable differences between Corssen's series and that of the present author. The average duration of the operations was 88 minutes and 7.7 per cent of these lasted more than 3 hours. Also his series included minor surgery. Further, the anaesthetic techniques used included cyclo-*Formerly at County Hospital, Sundsvall, Sweden.
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propane (alone or in combination with ether) in over one-half of the cases, whereas this agent was not used once in the series under review.
Cyclopropane seems to be a popular drug for geriatric anaesthesia in the United States and Adriani (1957) recommends it in the absence of cardiovascular disease. He writes that it may be combined with ether to a double advantage: (1) cardiac disturbances, even in those who have diseased hearts, disappear as soon as ether is added; (2) ether reflexly stimulates ventilation, thus averting the respiratory depression which is typical of cyclopropane anaesthesia. It is interesting to note in Corssen's series that of 2,698 cyclopropane administrations, 93 patients went into circulatory failure or shock immediately after completion of the operation or on return to the ward.
Spinal analgesia is recommended by nearly all authors with a suggested height limit of the tenth thoracic segment. The large proportion of genitourinary cases probably accounts for this recommendation. Local analgesia is also suggested, but Adriani warns against overdosage of local analgesic drugs in an endeavour to avoid general anaesthesia.
The status of the muscle relaxants seems to be suffering from the effects of Beecher and Todd's now well-known article on anaesthetic deaths, published in July 1954, just before the commencement of this review period. Papper (1956) states that the dosage of muscle relaxants should be conservative and that spontaneous respiration should be preserved if possible. He states that these drugs are "not so valuable" in these cases, which view is echoed in the writing of several authors.
Of the many views expressed, three have been selected to conclude this brief survey of the American viewpoint of geriatric anaesthesia during the period 1955-60.
Ausherman (1957) considers that two points will lead to firmer grounds upon which to advise surgery in the elderly: (1) assuming surgery is successful, what will be the life expectancy?; (2) if untreated, what will be the expectancy, and what suffering will the patient undergo? American statistics show that on an average an 80-year-old man has 6 years expectancy and a 90-year-old 3 years! (Ziffren, 1960 .) Dodd (1955) suggests that, as autopsies on geriatric patients so often reveal changes in the heart (such as coronary sclerosis and myocardial fibrosis), these patients should be managed in the same way as those with known cardiac disease. He recommends that patients who have even had just one episode of "heart failure" should be digitalized and that a routine electrocardiographic examination should be made in all patients over 45 years old upon whom major surgery is planned. Wyant, Dobkin and Kilduff (1956) conclude a description of a series of 300 patients by stressing that it is frequently necessary, when working with aged poor risk patients, for the anaesthetist and the surgeon to strike a compromise; the latter may thus have to accept less than perfect operating conditions for the good of the patient.
Apart from the articles on geriatric anaesthesia and associated problems referred to above, the following authors have written in the English language since 1955: Adriani (1956) , Ausherman (1957) , Barbour (1957) , Danielson and Converse (1959) , Dobson and Haugen (1955) , Greisheimer (1959) , Stephen (1957) , Wasmuth and Higgins (1955) .
THE PRESENT SERIES
During the eight-year period (1952-59) 1,300 consecutive major operations have been performed on old people in the general operating theatres at the County Hospital, Sundsvall, Sweden. The series consists of 1,171 patients aged 70 years or more at the time of operation, who underwent a total of 1300 major operations in the general operating theatre (table I) . There were 665 men (56.8 per cent) having an average age of 75.34 years; the oldest man was 94 years old. There were 506 women (43.2 per cent) having an average age of 75.1 years; the oldest woman was 93 years old. Table II gives further details of the age and Table  III shows the annual incidence, which has nearly doubled, although the total number of all operations performed in the general theatres each year has only varied, without increasing. In 1952 there were 125 major operations performed on patients over 70 years, whereas by 1959 the figure had risen to 241.
Operations performed These are listed in table IV. The high incidence of gall bladder disease is seen. This is typical for all Sweden and affects people of all ages. The icy pavements during long winters account for the high total of fractured legs. Only operations for open reduction of fractures have been included in the series.
The chief surgeon performed about 35 per cent of all these operations and the assistant chief surgeons performed about 30 per cent, thus leaving 35 per cent of operations to be performed by surgeons of registrar status-many of these being for acute appendicitis and fractures.
Minor operations (such as for uncomplicated hernia, vasectomy, biopsies, removal of orthopaedic pins) were often performed under local analgesia and they have not been included in this series.
Anaesthetic techniques and drugs used.
A Boyle's apparatus modified for use with Swedish gas cylinders, and fitted with an Aga Spiropulsator was used. When muscle relaxants were used, respiration was nearly always controlled (as opposed to assisted). When depolarizing relaxants were used, then manual control of respiration, using a Waters to-and-fro single phase system, was the rule. Nearly all patients undergoing abdominal surgery were intubated. In other patients intubation was carried out when necessary.
Of the local analgesic drugs, procaine was used especially during the earlier years and for the presacral (parasacral) analgesia used for prostatectomies. More recently Ugnocaine and carbocaine have been used.
For subarachnoid spinal analgesia, hypobaric cinchocaine given by Sebrecht's technique was used by the surgeons in the earlier years of this series. The author used hyperbaric amethocaine (Tetracaine).
Open ether, given by sisters trained in anaesthesia, was used mainly for acute appendicitis cases. Many hospitals in north Sweden still lack an anaesthetist and, as the junior doctors are generally not versed in anaesthetic methods, these hospitals are utterly dependent on sisters for their anaesthetic service. It is thus essential for the sisters to get practical experience at this training centre in Sundsvall and this includes anaesthetizing healthy geriatric patients for appendicectomy. They meet similar cases when working alone at other hospitals.
The drugs used for premedication were morphine or pethidine in small doses, together with atropine. Another commonly used premedication was promethazine (usually 25 mg) and atropine. Atropine alone was given to bad risk patients, and hyoscine has never been used in this age group.
The local, presacral and hypobaric spinal procedures were carried out by the surgeons. As the author was single-handed during most of the period under review, he personally performed nearly all the remaining anaesthetics and other techniques. Anaesthetic sisters trained by him were responsible for the open ether anaesthetics, usually given to simple emergencies. These sisters also rendered valuable service when either two such geriatric patients were operated on simultaneously or when special anaesthetic problems occurring in the hospital demanded the author's presence in other theatres or departments. It will be seen ( Acute heart failure accounted for 6 deaths on the day of operation. During the first 6 postoperative days, 104 patients died, which is 57.8 per cent of all the deaths.
The question of mortality in this age group is especially important because in the case of the poorer risk the possible outcome sometimes has to be balanced against the expected period of survival if surgery is avoided. Ausherman (1955) mentioned this, as stated above. Such a study can help when estimating a rough prognosis of outcome and also indicates when especial care is required. The effects of different factors on the mortality are now considered.
Sex of the patient.
Table VIII shows that the operative mortality for women (15.2 per cent) was somewhat higher than for men (12.9 per cent). This is contrary to the usual finding diat women withstand surgery better than men (Gordh, 1950) ; it is so in spite of the female group being smaller, and having a younger average age and including 44 mastectomies which were performed without mortality (one mastectomy was performed on a man). The male results were certainly improved by the group of 293 prostatectomies which were performed with 22 deaths (7.5 per cent mortality, which is well below the average for the series). 
Effect of age.
The mortality rate increased with advancing age. Thus, there were 137 deaths in 1,083 operations performed on patients aged 70 to 79 (12.6 per cent operative mortality) but 43 deaths occurred among the remaining 217 operations on patients aged 80 and over (19.8 per cent operative mortality). At the age of 90 and over (14 operations on 13 patients) there were 3 deaths (21.5 per cent operative mortality).
Absence of pre-operative complications.
The division of the material into those patients with and without recorded pre-operative complications gave the following results: of 970 patients with 1,875 pre-operative complications, 167 died (a patient mortality of 17.2 per cent), whereas 13 of the 201 "fit" patients over 70 years died (a patient mortality of 6.5 per cent).
Deaths in relation to pre-operative complications.
Table VI gives details of 32 pre-operative complications. Others, occurring infrequently and and having no bearing on mortality (such as rheumatoid arthritis), have not been recorded.
Of these complications occurring ten or more times in the entire series and having a high percentage incidence in those who died (see last column in table VI), the following are the most serious ("worst" given first): dehydration, shock and/or haemorrhage; coronary sclerosis, cardiac decompensation, senility, arteriosclerosis, previous coronary occlusion. Dehydration, shock and haemorrhage form a group quite naturally and the results show that adequate pre-operative fluid therapy is especially essential in these cases. Barbour (1957) discusses the problem of fluid replacement therapy in geriatric practice. He stresses the dangers of overtransfusion with whole blood in patients with compensated anaemia due to haemorrhage, especially in the presence of myocardial insufficiency. Transfusion with whole blood under these circumstances can be dangerous in old people, and may have a fatal outcome, as illustrated by the following two case reports. Pre-operative haemoglobin varied between 30 and 38 per cent (myocardial damage was presumed from anaemic anoxia). Transfused pre-and postoperatively with whole blood; a total of over 4 1. Gastrectomy was performed under general anaesthesia using d-tubocurarine. He died 4 days after operation; autopsy revealed pulmonary oedema. (Note: although pulmonary oedema is recorded as a cause of death in 14 patients (table VIT) these are the only two patients in which it was associated with overtransfusion. In the others it was often associated with heart failure.)
Barbour stresses the value of giving packed red cells (or a suspension of them in saline or glucose) instead of whole blood to such patients. This will greatly diminish the risks of congestive heart failure and pulmonary oedema. Further, whole blood is more viscous and this can have an adverse effect on a diseased myocardium. Packed cells have not been used nearly often enough in this series. A marked and persistent fall in blood pressure following thiopentone can be a sign of deficient blood volume, seen especially in patients suffering from malnutrition, chronic infection, gastro-intestinal carcinoma and metastatic disease. Co-existent myocardial damage leads to a dangerous combination and extreme care should be taken when administering thiopentone to such people.
The treatment of dehydration depends on the cause. Generally a mixture of one part of normal saline and four parts of 5 per cent glucose can be used. The avoidance of too early surgery in dehydrated patients is emphasized. In this series 9 out of 14 patients (64 per cent) suffering from dehydration died, 4 dying from uraemia. Each had a difficult postoperative course.
Senile patients are difficult to nurse and cannot co-operate. They may either lie immobile or be continually getting out of bed. The fact that 6 out of 18 deaths in these patients were from pulmonary complications may be due partly to the difficulty of carrying out postoperative respiratory exercises in such patients.
This leaves the three types of heart disease: coronary sclerosis, cardiac decompensation and previous coronary occlusion.
As heart failure has been the largest single cause of death (42 patients; vide table VII), an attempt has been made to find out if patients who have pre-operative cardiac complications actually die from heart failure (table XII). It is seen that with the exception of these same three diseases, pre-operative cardiac complications did not seem to predispose particularly to death from' heart failure. Table XII shows that cardiac failure featured in the cause of death in 9 out of 21 cases having cardiac decompensation, 11 out of 24 cases of coronary sclerosis, and 3 out of 5 cases with previous coronary occlusion.
Thus in two quite different ways in this series these three heart diseases have shown themselves to have a graver prognosis than other cardiac complications. Heart block and angina pectoris were not associated with high mortality rates; thus of a combined total of 50 patients presenting these symptoms before operation (table VI) only 1 death occurred from heart failure. It is also interesting to note that in 10 patients in whom the heart was pronounced as healthy death occurred from heart failure but it must be recorded that in 2 of these 10 patients the failure was-connected with shock and haemorrhage.
The low mortality for 70 diabetic patients is noted; only 8 died.
Deaths in relation to operation performed. Table IX gives details of this. The operations not followed by any deaths were: suprapubic lithotomy (8 patients), mastectomy (45 patients), and incisional hernia (13 patients).
It is seen that the patients operated on for mesenteric thrombosis had the highest mortality; only 1 patient out of 9 survived. CASE 960. A male aged 86, was admitted as an ileus. He had no recorded pre-operative complication. Lignocaine was infiltrated along the line of incision and he was given a light general anaesthetic (nitrous oxide, oxygen, pethidine with promethazine). Laparotomy revealed a venous mesenteric thrombosis. No operative procedure was carried out and the abdomen was closed. He was discharged after 3i weeks.
The anaesthetic technique adopted in case 960 is typical of that used in very poor risk patients. Thiopentone is avoided if possible. It is easily carried out and does not require the skill necessary to perform a field block.
The next highest mortality was in the laparotomy group when the condition was an intestinal obstruction (ileus). The immediate mortality in these cases was four times as high as that in the non-obstructed laparotomy group. This latter group included many inoperable cancer cases who died later outside the hospital. None of the patients in the obstructed laparotomy group died from aspiration.
As can be expected, operations for abdominoperineal resection of rectum, repair of burst abdomen and major colon surgery were followed by a higher than average mortality. The perforated peptic ulcer cases, however, require further explanation. The previous chief surgeon in Sundsvall performed primary gastrectomy for perforated peptic ulcer as a routine operation in all but the worst cases (Richter, 1956) . Of 7 patients suffering from perforated peptic ulcer, 2 (males aged 73 and 74) underwent primary resection by Dr. Richter and both survived. In the other 5 the perforation was oversewn, and 2 of these patients died. Oversewing was naturally carried out on poorer risks, but it is interesting to note that primary gastric resection can be successfully carried out on such old patients. In his hands this operation rarely took more than 45 minutes.
The lower mortality rates deserve attention. The lowest rate (3.8 per cent) occurred in the group of 26 transurethral diathermic prostate resections, all carried out under low spinal analgesia using hyperbaric amethocaine. The next lowest rate was 4.3 per cent mortality for the group of 92 cases of appendicectomy. About half of these were anaesthetized by the sisters using open ether. A mortality of 6.6 per cent for 15 cases of carcinoma and papilloma of the bladder is low but it must be explained that in 13 of these cases a method of "electrical and chemical fulguration" was carried out. Only 2 had a partial cystectomy performed and they survived.
The overall mortality of 7.9 per cent for 267 prostatectomies performed under presacral analgesia and general anaesthesia compares with a 7 per cent mortality for prostatectomy using epidural analgesia quoted by Morris and Candy (1957) , These authors, however, recognized no lower age limit. As the operation for prostatectomy formed the largest single group, it is discussed in further detail later.
Deaths in relation to anaesthetic technique.
Table X summarizes these. The striking feature is the death rate of 1.8 per cent for a group of 56 ether anaesthetics, nearly all of which were administered by nursing sisters to acute cases, mostly suffering from appendicitis. That these ether anaesthetics were administered to die fitter patients generally for smaller major operations was probably the main reason for this good result. It would seem, however, to be a safe agent for relatively inexperienced administrators when faced with geriatric patients having to undergo operations not demanding full abdominal relaxation. The only death in this group was a man aged 73 (case 1222) who was operated on for an intertrochanteric fracture of the femur and died from gas gangrene which was confirmed bacteriologically.
It is also seen that of the diree main relaxants used, the mortality rate lessened as their relaxant time shortened.-Suxamethonium iodide (Celocurine) was used, and this drug was usually given in cases of intestinal obstruction, which carried a high mortality. However, mortality in diese patients was more dependent on the preoperative state and the operation performed than upon the specific muscle relaxant used. The author believes diat for shorter operations (20 to 30 minutes) requiring deep relaxation the shortacting muscle relaxants are better in geriatric practice. They allow easier intubation and maximum relaxation can be obtained readily at the end of an operation. This is especially valuable when, for example, replacing the distended intestines of a patient with ileus. For longer operations d-tubocurarine would seem a better choice.
Presacral (parasacral) analgesia combined with local infiltration of the lower abdominal wall was used solely for prostatectomies and in this group the mortality rate was 7.2 per cent in 166 patients. The overall mortality for 267 prostatectomies was 7.9 per cent.
Local analgesia alone or with additional light general anaesthesia was used on the poorest risks, hence die higher mortality. Nevertheless this mediod is to be recommended in such cases.
Refrigeration analgesia was carried out in 8 patients undergoing thigh amputation. Cracked ice and a tourniquet were used, and analgesia was complete in all cases. The extremely bad preoperative condition of these patients was the chief indication for this technique, and half of them died. Of the remaining 47 leg amputations, most of whom were given a general anaesthetic, only 2 died.
The details of the 4 deaths occurring after refrigeration are given below. They were in worse general condition than a written description suggests.
Three of these were diabetic females, aged 70 to 79 years. All three had heart disease (such as previous infarct, decompensation, coronary insufficiency and sclerosis). Two had hypertension. One of these women died after 2 days with the appearance of postoperative shock. The second died after 18 days from bronchopneumonia and the third died after 7 weeks from uraemia. The fourth case, a male aged 75 years with extreme arteriosclerosis, emphysema and hypertension, died from the last of many "heart attacks" occurring during a 5-week period after operation.
There was no evidence to suggest that this technique was especially valuable in saving life. Halothane has been used for the more recent amputations and it seems worth reviewing the results of the administration of halothane in this series.
Halothane was administered to 59 patients, 5 of whom died. It was given for the following operations (deaths in parentheses): The abdominal group included appendicectomies, gastrostomies, colostomies. The "others" group included operations for carcinoma of the breast, thyroidectomy, and three facial plastic operations on a 77-year-old man who had a fistula resulting from radiotherapy for a mandibular cancer.
The brief details of the 5 deaths are as follows:
Two deaths occurred on the 4th day after operation from pulmonary embolus. Two patients died from carcinomatosis. One had a palliative colostomy performed for inoperable rectal cancer. The other was a man who when aged 70 years underwent a thoracoabdominal gastrectomy and upon whom one year later a gastrostomy was performed under halothane anaesthesia. He died of cachexia 18 days after this operation. The fifth patient was a male aged 71 years who had a nephrectomy for an infected hydronephrosis. His postoperative course was complicated by meteorism, vomiting and coma and death finally occurred from bilateral bronchopneumonia on the 26th day after operation.
Halothane is discussed further below.
Deaths in relation to multiple operations.
From table XI it is seen that the patient mortality was 15.6 per cent in the group of 1,058 patients who underwent a single operation. In the group of 98 patients who underwent two operations the mortality was lower (12.2 per cent). The third operation brought about a rise of 21.4 per cent but this group consisted of only 14 patients. The causes of death were quite varied in each group. No "immunity" is apparently conferred on a patient by the first operation and his survival does not prove that he (or his heart or lungs) can withstand operation a second time. The risks of major surgery have to be faced on each occasion; an infarct or pneumonia can occur at any time.
In old people there is always an element of uncertainty about the result of surgery. This was mentioned by Adriani (1957) . Operations usually performed in two stages can, sometimes with advantage to the patient, be performed in one stage.
The patient, who survived four operations, was a man aged 70 years in 1957. He had emphysema, generalized arteriosclerosis and was described as senile. He had a two-stage abdominoperineal excision of the rectum performed when he was 70, followed by a prostatectomy the year after, and repair of an incisional hernia when he was 73 years old. This healed satisfactorily in spite of the risk of infection from his colostomy.
Re-amputation accounted for several of the instances in which second and third operations were performed. This is the subject of the next comment.
Of a total of 55 leg amputations (generally for diabetic and/or arteriosclerotic gangrene), 34 were performed primarily through the thigh. Of 15 performed below the knee, 6 (nearly a half) required re-amputation. These 6 operations were performed without mortality. However, they involved unnecessary risks and emphasize the importance of a radical approach to surgical treatment in this condition and of not being influenced by the patient who naturally pleads to have as much limb conserved as possible.
MISCELLANEOUS SPECIAL ASPECTS
It has been felt better to group certain subjects and to discuss them under their respective headings.
Prostatectomy results.
The total of 293 prostatic operations is described in more detail. Changes in the surgical staff during the past 2 years have led to the introduction of the Millin retropubic prostatectomy and transurethral diathermic resection. The different anaesthetic and operative techniques have been summarized in table XIII. The numbers of deaths are given in parentheses. The chief surgeon considered that there was an increased risk of postoperative haemorrhage following suprapubic prostatectomy under general anaesthesia. This accounts for the high proportion of General anaesthesia did not appear to increase the risk of severe postoperative haemorrhage. It certainly provided better operating comfort for the patient! None of the 23 patients operated on by the Millin technique suffered a severe postoperative haemorrhage. This technique thus not only appeared to be safer in this respect but also considerably shortened the period of hospitalization. The three deaths occurring following a Millin operation were from bronchopneumonia, cerebral haemorrhage, and cardiac failure following an epileptic fit
Halothane is now commonly used for prostatectomy and has proved satisfactory. The slight headdown tilt helps to reduce bleeding and the fall in blood pressure is easily controlled. Gusterson (195, 9 ) also reported favourably on this technique and demonstrated a considerably diminished loss of blood when using halothane as compared with nitrous oxide and oxygen with suxamethonium.
Halothane. Pope (1957) , in an account of the use of halothane in 25 selected patients with pulmonary and cardiac disease, gave the opinion that the results in these cases would not have been as good with any other inhalational agent. He had 2 patients in whom he could compare halothane with other anaesthetic techniques.
Below the author gives some examples of the use of halothane in bad risk patients. These case histories include the only instance of cardiac arrest occurring in this series.
CASE 1006. Man aged 78 years. Millin prostatectomy was planned. He had an apical systolic murmur and greatly enlarged heart. Blood pressure 180/100 mm Hg. Electrocardiography revealed coronary insufficiency and sclerosis, myocarditis and an atrioventricular block. He was being given diuretics and was also digitalized. He was anaesthetized with a small dose of thiopentone followed by nitrous oxide with oxygen and halothane. A single dose of suxamethonium was given at the beginning and end of the operation (this is a useful technique). The postoperative course was uneventful and he was discharged home after 3 weeks. CASE 1167. Man aged 77 years, with a stenosing gastric ulcer. Gastroenterostomy was planned. He was cyanosed and fibrillating. Blood pressure 200/100 mm Hg. He had emphysema with moist sounds in all lung fields. The anaesthetic technique used was local infiltration of the upper abdominal wall combined with nitrous oxide with oxygen and halothane. He was discharged home 9 days later after an uneventful postoperative course.
CASE 1051. A woman of 80 years was admitted with a compound fracture of the femur. Amputation was necessary as the blood supply to the distal portion was severed. She was wasted and had marked emphysema and a history of pneumonia only a few days previously. The leg was amputated under halothane anaesthesia and the only item noted postoperatively was the development of bedsores. CASE 1053. A woman aged 73 years, had a toxic goitre causing extreme tracheal compression. Her basal metabolic rate was +46 per cent. Weight 51 kg. She was a diabetic. Blood pressure was 220/80 mm Hg. Electrocardiography revealed myocarditis. Her goitre was removed under halothane anaesthesia (suxamethonium having been used for intubation). A tracheostomy was performed as a part of the operation and she was later transferred to an E.N.T. ward. She survived the operation but had a recurrent laryngeal nerve paralysis on one side. CASE 1090. This woman was interesting in that she was the oldest patient undergoing two operations. She was aged 92 years and had sustained a fractured shaft of her lemur. Apart trom anaemia, she was lit tor her years. The first operation was for fixation of cerclage wires around the shaft of the femur but as this proved inadequate, a Kflntscher intramedullary nail was inserted at a second operation. Halothane was used on both occasions. CASE 1097. Case of cardiac arrest. This occurred in a wasted woman aged 73 years. She had had diabetes for 20 years, and was arteriosclerotic. The electrocardiogram revealed myocardial degeneration, fibrillation and a bundle branch block. The blood pressure was 210/100 mm Hg. She was already in hospital for the treatment of gangrenous ulcers of her feet when she developed an ileus.
Operation was carried out for division of intraperitoneal adhesions. Premedication consisted of atropine only. Anaesthesia was induced with thiopentone (125 mg) and continued with nitrous oxide with oxygen, pethidine (30 mg) and 0.5 per cent halothane. After 20 minutes of surgery the heart stopped. A thoracotomy was performed and cardiac pumping carried out The heart recommenced beating but then ventricular fibrillation supervened. In the absence of a defibrillator, procaine amide (Pronestyl) 200 mg was given, which was followed by the return of the normal (irregular) beat of this patient Systolic blood pressure at the end of operation was 110 mm Hg.
She was discharged home a month later. Four months later at a follow-up she described herself as "rather well" and had no special trouble with her heart
The above-described cases are typical of 18 patients who presented serious pre-operative cardiac and/or pulmonary complications and who were given halothane anaesthesia.
The relatively recent purchase of a Fluotec vaporizer (in 1957) limited the experience with halothane in patients over 70 years. With the elderly, relaxation is possible with a much lower vapour concentration than in the younger patient. It has been found to be useful in patients with emphysema, as adequate respiration can be maintained and relaxation is sufficient for lower abdominal surgery.
It would seem preferable to use pethidine (if an analgesic drug is deemed necessary) in premedicating patients when halothane anaesthesia is planned. Up to 1.2 mg (1/50 grain) of atropine may be given. The use of a short-acting relaxant at the end of a halothane anaesthetic would seem justified to assist closure of the abdomen but it is necessary to lower the concentration of the drug when controlled respiration is performed.
It is difficult to assess the status of halothane in geriatric practice, but it is a powerful drug and the ease with which it is possible to increase the concentration has a sinister similarity to the ease with which thiopentone can be given. That the reports to date (1959) have been favourable may partly depend on the fact that its initial use among anaesthetists has been confined to the more experienced administrators.
Expectation of life.
When considering geriatric surgery, one must take into consideration the increasing expectation of life today. According to Ziffren (1960) the expectation of life in the United States at the age of 85 is 5 years and at the age of 90 it is still 3.4 years.
Such figures should be considered together with, for example, the mortality result of 6.5 per cent for the 201 "fit" patients of 70 years old, remembering that this figure concerns major surgery. Thus, if a patient has a surgical condition that does not demand immediate surgery but may cause future trouble, possibly of an acute nature, then it is best to get this patient into optimal condition and operate before he gets older and perhaps presents additional pre-operative complications. Surgery should not, within reason, be denied patients on the grounds of age alone. The pre-operative condition (physiological age) is of more importance.
Postoperative morbidity.
Table XV readily shows how frequently postoperative morbidity leads to mortality in geriatric practice. Pneumonia often occurred in patients suffering from abdominal distension, in those kept in bed because of broken legs, and also in senile patients.
A rise in non-protein nitrogen (generally over 90-100 mg per cent when recorded) is a serious sign. In 12 of the 30 patients having a raised non-protein nitrogen at death, other factors supervened and are recorded as having caused the death.
A case of deltoid paralysis occurred following a mastectomy; this was considered to be due to overextension of the arm during the operation.
It has already been stated that 12 cases of severe postoperative haemorrhage occurred following prostatectomy; 4 of these patients died.
Postoperative thrombo-embolic complications.
Prophylaxis can help considerably here. Although all the factors concerned with postoperative thrombosis are not understood, many can be cited. It is common in old people, especially if they are fat and have varicose veins, also following gynaecological operations. Immobility after operation predisposes, as does stasis (which can follow a cushion placed under the knees, or hypoventilation resulting in inadequate venous return). Prolonged hypotension increases the risk of thrombosis, as does the increased blood viscosity of polycythaemia. These factors should be avoided not only during long operations but during the longer postoperative period.
Prophylactic treatment can involve pre-operative phlebotomy in cases of polycythaemia (Barbour, 1957) . Pre-operative venesection of 250 ml blood was actually carried out in a female patient in the present series whose haemoglobin was 130 per cent. Other prophylactic measures involve the avoidance of low blood pressure during the operation-The cushion can be moved from behind the knees to under the heels, thereby relieving the pressure on the calves; this would be a good routine procedure during surgery on old people.
The avoidance of oversedation postoperatively minimizes hypoventilation (which also lessens chest complications) and a speedy recovery from anaesthesia enables a stir-up regime to be soon carried out. Well tucked-in sheets should not be permitted.
Emphysema.
This subject has been thoroughly discussed in the Educational Number of the British Journal of Anaesthesia for March 1958. The problem of anaesthetizing these cases is greatest when upper abdominal surgery is proposed in the presence of advanced emphysema. Many arguments support the desirability of retaining spontaneous respiration; acceptance of these would rule out the use of relaxants. Even the possession of a respirator with a negative phase does not solve the problem.
Although halothane may provide sufficient abdominal relaxation for laparotomy in thin patients, a bilateral intercostal block provides good relaxation; it can be supplemented readily by a light general anaesthetic permitting spontaneous respiration, such as nitrous oxide and oxygen with trichloroethylene or even 0.5 per cent halothane. It should be remembered that a splanchnic block (which the surgeon can perform directly) will cause as great a fall in blood pressure as a high spinal anaesthetic, which is one reason why a light general anaesthetic is preferable to a full local technique.
It is strange that this technique has not been used in this series. The author has used it in patients not included in this series (younger patients) and more recently for different indications and has been impressed by the results. It is also valuable for laparotomies in patients having severe renal and hepatic insufficiency, severe bronchitis and chronic lung disease, and the extreme poor risk patient with, for example, a bleeding peptic ulcer.
General considerations regarding anaesthetic
technique. Just as an infant is not a miniature adult so an old person is a totally different individual from an adult in his prime. Such a healdiy adult can (and often does) withstand innumerable physiological insults under "balanced anaesthesia". Old people are intolerant of sudden severe physiological alterations.
Thus, whatever techniques are used, drugs must be given in dilute strength and minimal amounts, making only gradual changes. The respiratory, cardiovascular and renal systems of old people are not as resilient as they were in youth. Lee (1959) has succinctly summed up the characteristics of old age:
Dehydration, tissue wasting, cardiac enlargement and perhaps dilatation; arteriosclerosis of renal, cerebral and cardiac vessels; stiffening of the thoracic cage with ossification of cartilages, emphysema, narrowing of bronchioles, and dilatation of alveoli; atrophy of brain and increase in cerebrospinal fluid volume with dilatation of cerebral ventricles; atrophy of mandibles and increased brittleness of bones; atrophy of tissue cells and proliferation of connective tissue; diminution of blood-volume and haemoglobin and decreased cardiac reserve with slowing of circulation time; decreased thoracic and increased abdominal respiration; decreased tidal volume and vital capacity, with consequent tachypnoea. In the postoperative state there may be diminished activity of the cough reflex which may predispose to atelectasis.
The above-mentioned characteristics of old age should be taken into consideration when deciding on technique. Without going into detailed techniques, the author makes the following suggestions regarding actual administration.
Thiopentone. A 2.5 per cent solution is generally accepted as preferable today. In the worst risks, this drug is probably better avoided, and induction performed with nitrous oxide and oxygen with an inhalational agent. When thiopentone is used, the amount required can be diminished by the following two methods:
(1) Oxygen inhalation for a few minutes before administering thiopentone makes the subsequent administration of nitrous oxide more effective and thus lessens the dose of thiopentone required (Dundee, 1956) .
(2) Simple infiltration along the intended line of incision (which the surgeon can mark out with methylene blue) using a local analgesic agent with adrenaline will avoid the stimulus of the incision. It will also reduce the initial haemorrhage from the skin edges and, more important, the time spent on arresting it.
Ether and divinyl ether. These drugs should not be despised in geriatric practice; ether anaesthesia was followed by the lowest mortality for any single agent in this series but it was generally used on the fitter patients for smaller procedures, especially appendicectomy. A simple nitrous oxide and oxygen with ether anaesthetic can be a good technique for the emaciated patient with pronounced arteriosclerosis in whom, perhaps, thiopentone is less desirable. Naturally ether should not be used in cases demanding full abdominal relaxation. Divinyl ether is probably the safest drug for a brief anaesthetic for minor surgery and has the advantage that anaesthesia can be readily prolonged for a few minutes if the surgeon requires a little extra operating time.
Induced hypotension. This technique was not used in this series. The author feels from a limited experience that in geriatric practice it should be reserved for use in those cases where it is absolutely essential for the successful performance of the operation and then only if the patient is fit for his age. Halothane together with posture will usually provide sufficient hypotension with reasonable safety.
Local analgesia combined with general anaesthesia. This can be a planned technique. In its simplest form it consists of infiltration along the line of incision, as described above. A more extensive local analgesia can be carried out and general anaesthesia used for a crucial state of the operation. For example, several of the old women with a fractured neck of femur were operated on under local analgesia and a light general anaesthetic was given for hammering in the nail.
Brachial plexus block. The fact that this was only used once in this series (but on that occasion was essential) would illustrate the value of maintaining skill by performing this procedure whenever possible on patients who can so easily be given a straightforward general anaesthetic. Routine operating lists and the casualty department often provide suitable material but positive objection by the patient would contra-indicate the technique if a general anaesthetic can be given instead.
A technique for spinal analgesia up to the tenth thoracic segment. This is adequate for genitourinary surgery. Above this level more pronounced falls of blood pressure can be expected.
The author has found the following technique easy and safe. Lumbar puncture is performed in the sitting position following preliminary local infiltration using spinal anaesthetic agent. Then, with the patient still sitting 1 ml of hyperbaric amethocaine (Tetracaine) is slowly injected. The patient remains sitting for at least 1 minute. When he feels numbness in his feet, the anaesthetist can be sure that he has blocked the sacral plexus.
Then a minimal quantity of 0.6 ml amethocaine is injected and the patient is rapidly placed on his back with a 5-degree head-down tilt. The original 1-ml dose cannot spread upwards and the second dose of 0.6 ml is so small that its spread upwards is generally limited to the tenth thoracic segment. This technique is not only suitable for prostatectomy but also for abdominoperineal resection of the rectum when combined with a light general anaesthetic.
Epidural versus subarachnoid analgesia in prostatectomy. Epidural analgesia for prostatectomy has its advocates (Morris and Candy, 1957; Gardner, 1958) . However, this technique does not seem to exclude the risk of permanent paraplegia (Forrester, 1959) , and according to Hewer and Lee (1958) the injection of a small dose can sometimes cause an unexpectedly high block with severe hypotension. If a massive subarachnoid injection is given by mistake in an old person the results could be disastrous. Whether epidural or subarachnoid analgesia is chosen, some risk has to be taken. The mishaps that have occurred in the past during subarachnoid blocks have given anaesthetists knowledge that should make it a safer technique today.
Duration of operations.
The American series make a special note of this and many of their operations obviously take a long time. The retired chief surgeon in Sundsvall performed one-third of all operations in this series himself, and he rarely took more than 1 hour for any operation. A gastrectomy was usually complete in 45 minutes, and an abdominoperineal resection (usually in one stage) was often complete in 45 minutes. The assistant surgeons and even registrars were also quick operators; this type of technique is almost "infectious" among colleagues working together.
It is interesting to note that during the period 1952 to 1955, when the rate of operating was at its quickest, the annual mortality figures were at their lowest (table III) . Later years have seen a definitely slower surgical technique but the rise in mortality in 1959 was dependent on many other factors than this.
Rapid surgery, provided rough handling and unnecessary blood loss are avoided, would seem to be advantageous to the geriatric patient. The conception that modern anaesthetic methods permit hours of unhurried surgery may be true for younger patients but is less true as age increases.
Different standards in different series.
One point brought out by the study of other geriatric series was the different norms selected by the different authors. Corssen (1955) , for example, gave 60 years as his minimum age, defined hypertension as a systolic blood pressure of 175 mm Hg and above when in combination with other systemic disorders (such as arteriosclerosis), and anaemia when the haemoglobin was below 10 g per cent.
Wyant, Dobkin and Kilduff (1956) accepted a lower age limit of 65 years and denned hypertension as a systolic blood pressure of 160 mm Hg and over (and also a diastolic pressure of 100 mm Hg and above), and anaemia when the haemoglobin was below 12.5 g per cent
In the present series the lower age limit is 70 years, minor surgery has been excluded, hypertension is defined as a systolic pressure of 180 mm Hg and over, and anaemia when the haemoglobin is 70 per cent or less.
Such varying standards make it impossible to compare series, and it would surely be beneficial if certain definitions were suggested by some authoritative body to enable authors to compose their series within these limits and thus permit a better comparison between the results obtained in different series. This problem concerns all aspects of the specialty.
Finally, many catch phrases and sentences have been written concerning this subject in order to emphasize the basic principles of geriatric anaesthesia. In this motoring age, the advice given by Rink (1948) is not only sound, but easily remembered. He wrote: "When faced with a wet and slippery road on a dark night, a first-class driver does not alter his techniques in any essential way. He merely redoubles his normal safeguards and precautions. He avoids rapid acceleration and braking, but he reaches his destination very nearly as quickly and safely as he does under good conditions".
SUMMARY
The literature concerning geriatric anaesthesia and written in English since 1955 is briefly reviewed. A consecutive series of 1,300 major general surgical operations performed on 1,171 patients (665 men and 506 women) aged 70 years or more, is described.
The pre-operative complications are reviewed, especially with reference to mortality. It is seen that dehydration, shock and/or haemorrhage, cardiac decompensation, coronary sclerosis and previous coronary occlusion had the highest percentage of deaths.
Techniques are described. Muscle relaxant drugs were used in 44 per cent of cases. Suxamethonium is preferred for shorter operations. Open ether was given by anaesthetic sisters to 56 patients (mostly for acute appendicitis) with only 1 death (from gas gangrene). Prostatectomies totalled 293, and presacral (parasacral) and subarachnoid analgesia, and general anaesthesia were used for them; 22 prostatectomy cases died.
Refrigeration analgesia was used 8 times for thigh amputation in extremely poor risk patients, 4 of whom died. Experiences with halothane (59 cases) are described, including details of case histories which included one case of cardiac arrest with survival.
The overall mortality was 13.8 per cent (180 deaths). This included 14 moribund patients who died shortly after operation. Absence of preoperative complications reduced the mortality in 201 patients to 6.5 per cent.
Suggestions for technique are discussed, including a technique for spinal analgesia up to the tenth thoracic segment.
